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Abstract. The article is devoted to the study of economic, statistical and 
mathematical models for the cultivation of perennial plantings under 
conditions of global climate change in the Chui region of the Kyrgyz 
Republic. The authors consider the impact of climate change on production 
processes and the cultivation of perennial crops, such as fruit and berry 
crops. The article presents data from statistical analysis and mathematical 
models that allow us to assess the impact of climate change on the 
productivity and economic indicators of cultivating perennial crops. The 
work is relevant and important for practitioners in the field of agriculture 
and economics, as well as for specialists dealing with the problems of 
global climate change. 

1 Introduction 
Currently, growing fruit crops is one of the most promising types of agricultural business. 
Despite the high value of apple, pear, plum, cherry, peach, and apricot fruits, the 
productivity of their plantings remains quite low. To successfully conduct business in such 
a specific industry as fruit growing, it is necessary to justify and implement both domestic 
and foreign innovative technologies in the context of global climate change, capable of 
ensuring the production of competitive, environmentally friendly fruits, quick return on 
costs, high labor productivity, low cost products and so on. Agriculture is one of the most 
capital-intensive industries, in which economic processes are interconnected with biological 
processes of development of production facilities [1]. This determines the dependence of 
the pace and proportions of production activity not only on the economic resources of the 
organization, but also on the timing of growing perennial crops in conditions of climate 
change. Recognition of perennial plantings as an accounting and analytical object ensures 
compliance with the technological conditions for their cultivation while simultaneously 
obtaining socio-economic and environmental benefits by the agricultural enterprise. 
Consequently, the main factor for the successful functioning of agricultural organizations is 
the effective management of the reproduction of perennial plantings. In turn, the 
effectiveness and timeliness of making informed management and investment decisions on 
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reproduction depends on the quality and completeness of analytical information about the 
state of plants, their transformation, and features of use [2]. A large number of scientific 
works of domestic and foreign scientists and economists are devoted to the study of the 
theoretical and methodological foundations of accounting and analysis of the formation, use 
and reproduction of perennial plantings of agricultural organizations. However, while 
noting the significance of the developments of domestic and foreign scientists, it should be 
noted that there is a lack of systematic research on assessing and predicting the 
reproduction of perennial plantings in the context of global climate change. The main factor 
for the successful functioning of agricultural organizations is the effective management of 
the reproduction of perennial plantings [2]. 

Over the past 4-5 years, farmers in the Chui region of the Kyrgyz Republic have 
switched to growing perennial crops, as they are more likely to receive high incomes and, 
accordingly, a high-quality harvest. However, today there are still some problems in 
growing perennial crops due to weather and climatic conditions. In most cases, the problem 
of growing perennial plantings is associated with planting technologies, as well as the 
equally important issue of soil fertility, which affects the growth and productivity of 
perennial plantings. Despite the fact that farmers in the Chui region have switched to 
growing perennial crops, they still face some difficulties. One of the main problems is 
weather and climatic conditions. The region experiences frequent seasonal fluctuations in 
temperature and precipitation, which can have a negative impact on the growth and 
development of perennial plantings [3]. 

However, the main problem is the lack of awareness among farmers about technologies 
for planting perennial crops. Some of them do not have sufficient experience or knowledge 
about the correct selection of plant varieties suitable for a given region, as well as their 
care. Because of this, yields may be lower than expected. Another important problem is the 
condition of the soil cover. Soil fertility directly affects the quality and yield of perennial 
plantings. If the soil is poor in nutrients or contains harmful substances, this can negatively 
affect the growth and development of perennial plantings. To solve these problems, farmers 
need to take a deeper look into the specifics of perennial crops and explore technologies 
and methods that will help them cope with the negative influences of weather and climate. 
They should also pay attention to the condition of the soil cover and implement soil 
improvement methods such as applying organic fertilizers or using biological farming 
methods. In general, the transition to growing perennial crops is an important step for 
farmers in the Chui region, however, in order to successfully cope with the problems, they 
need to improve their skills and use innovative approaches to agriculture [4-7]. 

2 Materials and research methods 
Materials and research methods for analyzing the economic feasibility of cultivating 
perennial plantings in the context of global climate change in the Chui region: 

1. Collection of initial data on climate change in the Chui region. Important parameters 
for analysis will be average temperature, precipitation, duration and intensity of dry 
periods, and other climatic factors. 

2. Analysis of literary sources devoted to the economic justification for the cultivation of 
perennial plantings in conditions of climate change. It is important to examine existing 
studies conducted in similar climatic conditions and evaluate their applicability to the Chui 
region. 

3. Modeling the economic efficiency of cultivating perennial crops under climate change 
conditions. Using data on climate, resource availability and other factors, revenue and cost 
modeling can be done for certain types of perennial crops, such as orchards. 

4. Comparative analysis of the economic efficiency of cultivating perennial plantings in 

standard and changed climatic conditions. Based on the obtained model data, it is possible 
to compare revenues and costs under a changed climate with past or projected standard 
conditions. 

5. Risk and uncertainty assessment. It is important to take into account possible risks 
associated with climate change and analyze their impact on economic efficiency. Statistical 
methods such as probability analysis or scenario analyses. 

6. Assessment of the social and environmental sustainability of the cultivation of 
perennial plantings in the Chui region in the context of global climate change. 

The use of such materials and methods will make it possible to conduct a 
comprehensive study on the economic feasibility of cultivating perennial plantings in the 
context of global climate change in the Chui region. 

3 Research results 
The results of this analysis will help identify opportunities to improve the economic 
efficiency and sustainability of cropping in a changing climate. Moreover, research into 
market factors such as prices and demand for perennial crop products will help estimate the 
potential revenues from this type of production. This can be achieved by analyzing 
statistical data, consulting with economists and market experts, and conducting market 
research. Studying the impact of climate change on the yield and quality of perennial crops 
is also an important aspect of the analysis. It is necessary to take into account different 
climate scenarios and their impact on production to make informed decisions regarding the 
cultivation of perennial crops in the Chui region. The use of models and mathematical 
analysis methods will help to more accurately assess the economic efficiency of cultivating 
perennial crops in the context of global climate change. This can be achieved through the 
development and adaptation of models and methods that take into account the specific 
conditions of the Chui region and have the ability to predict change scenarios [8]. 

The development of perennial plantings in the context of global climate change in the 
Chui region is economically justified by the following formulas: 

1. Profitability (Y) from the cultivation of perennial plantings can be estimated using 
the formula: 

Y = C × Y × P 

where, C is the price of the product, Y is the yield, P is the planting area. 
2. Profitability index (PI) can be calculated as the ratio of monetary income from the 

cultivation of perennial plantings to the costs of their creation and care:   

PI = (D - Z) / Z 

where D is cash income, Z is expenses 
3. Net Present Value Formula (NPV) allows you to estimate the present value of future 

cash flows associated with the cultivation of perennial crops. If NPV > 0, this means that 
the project is economically justified: 

NPV = ∑ (CFt / (1 + r)^t) - C0 

   where, CFt - cash flow per year t, r - required discount rate, C0 - costs of creating 
plantings 

4. The cost of production per unit of output (CP) can be determined by the formula: 
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reproduction depends on the quality and completeness of analytical information about the 
state of plants, their transformation, and features of use [2]. A large number of scientific 
works of domestic and foreign scientists and economists are devoted to the study of the 
theoretical and methodological foundations of accounting and analysis of the formation, use 
and reproduction of perennial plantings of agricultural organizations. However, while 
noting the significance of the developments of domestic and foreign scientists, it should be 
noted that there is a lack of systematic research on assessing and predicting the 
reproduction of perennial plantings in the context of global climate change. The main factor 
for the successful functioning of agricultural organizations is the effective management of 
the reproduction of perennial plantings [2]. 

Over the past 4-5 years, farmers in the Chui region of the Kyrgyz Republic have 
switched to growing perennial crops, as they are more likely to receive high incomes and, 
accordingly, a high-quality harvest. However, today there are still some problems in 
growing perennial crops due to weather and climatic conditions. In most cases, the problem 
of growing perennial plantings is associated with planting technologies, as well as the 
equally important issue of soil fertility, which affects the growth and productivity of 
perennial plantings. Despite the fact that farmers in the Chui region have switched to 
growing perennial crops, they still face some difficulties. One of the main problems is 
weather and climatic conditions. The region experiences frequent seasonal fluctuations in 
temperature and precipitation, which can have a negative impact on the growth and 
development of perennial plantings [3]. 

However, the main problem is the lack of awareness among farmers about technologies 
for planting perennial crops. Some of them do not have sufficient experience or knowledge 
about the correct selection of plant varieties suitable for a given region, as well as their 
care. Because of this, yields may be lower than expected. Another important problem is the 
condition of the soil cover. Soil fertility directly affects the quality and yield of perennial 
plantings. If the soil is poor in nutrients or contains harmful substances, this can negatively 
affect the growth and development of perennial plantings. To solve these problems, farmers 
need to take a deeper look into the specifics of perennial crops and explore technologies 
and methods that will help them cope with the negative influences of weather and climate. 
They should also pay attention to the condition of the soil cover and implement soil 
improvement methods such as applying organic fertilizers or using biological farming 
methods. In general, the transition to growing perennial crops is an important step for 
farmers in the Chui region, however, in order to successfully cope with the problems, they 
need to improve their skills and use innovative approaches to agriculture [4-7]. 

2 Materials and research methods 
Materials and research methods for analyzing the economic feasibility of cultivating 
perennial plantings in the context of global climate change in the Chui region: 

1. Collection of initial data on climate change in the Chui region. Important parameters 
for analysis will be average temperature, precipitation, duration and intensity of dry 
periods, and other climatic factors. 

2. Analysis of literary sources devoted to the economic justification for the cultivation of 
perennial plantings in conditions of climate change. It is important to examine existing 
studies conducted in similar climatic conditions and evaluate their applicability to the Chui 
region. 

3. Modeling the economic efficiency of cultivating perennial crops under climate change 
conditions. Using data on climate, resource availability and other factors, revenue and cost 
modeling can be done for certain types of perennial crops, such as orchards. 

4. Comparative analysis of the economic efficiency of cultivating perennial plantings in 

standard and changed climatic conditions. Based on the obtained model data, it is possible 
to compare revenues and costs under a changed climate with past or projected standard 
conditions. 

5. Risk and uncertainty assessment. It is important to take into account possible risks 
associated with climate change and analyze their impact on economic efficiency. Statistical 
methods such as probability analysis or scenario analyses. 

6. Assessment of the social and environmental sustainability of the cultivation of 
perennial plantings in the Chui region in the context of global climate change. 

The use of such materials and methods will make it possible to conduct a 
comprehensive study on the economic feasibility of cultivating perennial plantings in the 
context of global climate change in the Chui region. 

3 Research results 
The results of this analysis will help identify opportunities to improve the economic 
efficiency and sustainability of cropping in a changing climate. Moreover, research into 
market factors such as prices and demand for perennial crop products will help estimate the 
potential revenues from this type of production. This can be achieved by analyzing 
statistical data, consulting with economists and market experts, and conducting market 
research. Studying the impact of climate change on the yield and quality of perennial crops 
is also an important aspect of the analysis. It is necessary to take into account different 
climate scenarios and their impact on production to make informed decisions regarding the 
cultivation of perennial crops in the Chui region. The use of models and mathematical 
analysis methods will help to more accurately assess the economic efficiency of cultivating 
perennial crops in the context of global climate change. This can be achieved through the 
development and adaptation of models and methods that take into account the specific 
conditions of the Chui region and have the ability to predict change scenarios [8]. 

The development of perennial plantings in the context of global climate change in the 
Chui region is economically justified by the following formulas: 

1. Profitability (Y) from the cultivation of perennial plantings can be estimated using 
the formula: 

Y = C × Y × P 

where, C is the price of the product, Y is the yield, P is the planting area. 
2. Profitability index (PI) can be calculated as the ratio of monetary income from the 

cultivation of perennial plantings to the costs of their creation and care:   

PI = (D - Z) / Z 

where D is cash income, Z is expenses 
3. Net Present Value Formula (NPV) allows you to estimate the present value of future 

cash flows associated with the cultivation of perennial crops. If NPV > 0, this means that 
the project is economically justified: 

NPV = ∑ (CFt / (1 + r)^t) - C0 

   where, CFt - cash flow per year t, r - required discount rate, C0 - costs of creating 
plantings 

4. The cost of production per unit of output (CP) can be determined by the formula: 
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CP = (Ct + Cm + Cd) / Pr 

   where Ct is the cost of the technological part of the process, Cm is the cost of 
materials, Cd is the cost of labor resources, Pr is production. 

5. Another important indicator is the internal rate of return. (IRR), which allows you to 
determine profitability and compare it with alternative investments. IRR calculated as the 
discounted cash flow rate at which the net present value (NPV) equal to zero [7]. 

6. You can also consider the efficiency index formula (PI), which evaluates the 
profitability of the project and allows you to compare different investment opportunities: 

PI = NPV / C0 

where,  NPV - net present value, C0 - costs of creating plantings. 
7. To assess risks, you can apply the coefficient of variation (CV) formula, which 

indicates the degree of variability of the project’s profitability: 
   CV = (standard deviation / mean) × 100. 
Given the complexity and many factors associated with global climate change and the 

cultivation of perennial crops, it is recommended to conduct a more detailed study and 
focus on the specific conditions of the Chui region.  

 When adapting formulas to the conditions of global climate change in the Chui region, 
the following additional factors can be used: 

1. Formula for taking into account climate change in crop yields (U): 

(U) = Y0 × (1 + ΔY), 

where, Y0 is the base yield, ΔY is the percentage of yield change caused by climate 
change. 

2. Formula for taking climate change into account in the price of products (C): 

(C) = Ц0 × (1 + ΔЦ), 

where Ц0 is the base price of the product, ΔЦ is the percentage of change in the price of 
the product caused by climate change. 

3. Taking climate change into account in the costs of the technological part of the 
process (Ct): 

Ct = Ct0 × (1 + ΔCt), 

where, Ct0 - basic costs for the technological part of the process, ΔCt - percentage of 
cost change caused by climate change. 

4. Considering climate change in labor costs (Cd): 

Cd = Cd0 × (1 + ΔCd), 

where, Cd0 - basic labor costs, ΔCd - percentage of cost change caused by climate 
change. 

5. Accounting for climate change in cash flows (CFt): 

CFt = CFt0 × (1 + ΔCFt), 

where, CFt0 - basic cash flow per year t, ΔCFt - the percentage of change in cash flow 
caused by climate change. 

However, to apply this formula, it is necessary to conduct a detailed analysis and take 
into account the specifics of specific crops and cultivation practices in the Chui region. For 
example, having statistics on past climate changes and their impact on the profitability of 
certain crops can help determine ΔCFt. Also, taking into account the scale and intensity of 
climate change, possible adaptation measures and changes in cropping practices can be 
important factors when estimating cash flows [8]. 

In general, taking climate change into account in cash flows allows us to more 
accurately assess the economic efficiency of cultivating perennial crops in the context of 
global climate change in the Chui region. This can be useful when making decisions about 
investments in this area and planning business processes. Taking these aspects into account 
will make it possible to more accurately assess the economic efficiency of cultivating 
perennial crops in the context of global climate change in the Chui region. However, to 
apply these formulas, it is necessary to conduct a detailed analysis, as well as take into 
account the specifics of specific crops and cultivation practices in the region [8]. 

In addition to the above formulas, it is also possible to use mathematical models for a 
more accurate analysis of the cultivation of perennial crops under conditions of global 
climate change. Below are some types of models that can be applied: 

1. Seasonal fluctuation models: Such models take into account seasonal climate 
changes and allow one to determine the optimal timing for cultivating perennial crops. 
They are based on statistical analysis of climate data such as temperature, precipitation and 
season length. 

2. Models of climate influence on crop yield: These models allow us to estimate how 
climate change affects the yield of different crops. They take into account factors such as 
temperature, precipitation, humidity, as well as long-term climate change trends. 

3. Economic models: Such models take into account the financial aspects of cultivating 
perennial crops, such as production costs, product prices and cash flows. They allow you to 
calculate performance indicators such as NPV (net present value), IRR (internal rate of 
return) and payment indices. 

4. Forecasting models: Such models are used to predict future climate changes and 
their impact on the cultivation of perennial crops. They are usually based on analysis of 
climate data, change trends and climate scenarios. 

Mathematical modeling of the cultivation of perennial crops under conditions of global 
climate change in the Chui region can be a useful tool for predicting and optimizing 
agricultural processes. Climate change modeling allows us to predict the impact of changes 
in temperature, precipitation and other climatic parameters on the growth and development 
of perennial plantings. This allows agricultural enterprises and farmers to make rational 
decisions on the choice of plant varieties, the optimal time for sowing and harvesting, and 
planning the irrigation system. Mathematical modeling also allows us to assess changes in 
the productivity and sustainability of perennial plantings under the influence of global 
climate change. By changing the model parameters and conducting numerical experiments, 
it is possible to determine which plants will be more adapted to new climatic conditions, as 
well as which plants require additional measures to ensure high productivity. 

In addition, mathematical modeling can serve as a tool for studying the impact of 
various agricultural practices on the growth and development of perennial plantings under 
global climate change. For example, you can study how crop productivity will change 
under different irrigation systems, fertilizer use, and other factors. 

Thus, mathematical modeling of the cultivation of perennial crops under conditions of 
global climate change makes it possible to predict and optimize agricultural processes, as 
well as develop effective agrotechnical measures. This will help agriculture in the Chui 
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indicates the degree of variability of the project’s profitability: 
   CV = (standard deviation / mean) × 100. 
Given the complexity and many factors associated with global climate change and the 

cultivation of perennial crops, it is recommended to conduct a more detailed study and 
focus on the specific conditions of the Chui region.  

 When adapting formulas to the conditions of global climate change in the Chui region, 
the following additional factors can be used: 

1. Formula for taking into account climate change in crop yields (U): 
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where, Y0 is the base yield, ΔY is the percentage of yield change caused by climate 
change. 
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where Ц0 is the base price of the product, ΔЦ is the percentage of change in the price of 
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3. Taking climate change into account in the costs of the technological part of the 
process (Ct): 
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Cd = Cd0 × (1 + ΔCd), 

where, Cd0 - basic labor costs, ΔCd - percentage of cost change caused by climate 
change. 

5. Accounting for climate change in cash flows (CFt): 

CFt = CFt0 × (1 + ΔCFt), 

where, CFt0 - basic cash flow per year t, ΔCFt - the percentage of change in cash flow 
caused by climate change. 

However, to apply this formula, it is necessary to conduct a detailed analysis and take 
into account the specifics of specific crops and cultivation practices in the Chui region. For 
example, having statistics on past climate changes and their impact on the profitability of 
certain crops can help determine ΔCFt. Also, taking into account the scale and intensity of 
climate change, possible adaptation measures and changes in cropping practices can be 
important factors when estimating cash flows [8]. 

In general, taking climate change into account in cash flows allows us to more 
accurately assess the economic efficiency of cultivating perennial crops in the context of 
global climate change in the Chui region. This can be useful when making decisions about 
investments in this area and planning business processes. Taking these aspects into account 
will make it possible to more accurately assess the economic efficiency of cultivating 
perennial crops in the context of global climate change in the Chui region. However, to 
apply these formulas, it is necessary to conduct a detailed analysis, as well as take into 
account the specifics of specific crops and cultivation practices in the region [8]. 

In addition to the above formulas, it is also possible to use mathematical models for a 
more accurate analysis of the cultivation of perennial crops under conditions of global 
climate change. Below are some types of models that can be applied: 

1. Seasonal fluctuation models: Such models take into account seasonal climate 
changes and allow one to determine the optimal timing for cultivating perennial crops. 
They are based on statistical analysis of climate data such as temperature, precipitation and 
season length. 

2. Models of climate influence on crop yield: These models allow us to estimate how 
climate change affects the yield of different crops. They take into account factors such as 
temperature, precipitation, humidity, as well as long-term climate change trends. 

3. Economic models: Such models take into account the financial aspects of cultivating 
perennial crops, such as production costs, product prices and cash flows. They allow you to 
calculate performance indicators such as NPV (net present value), IRR (internal rate of 
return) and payment indices. 

4. Forecasting models: Such models are used to predict future climate changes and 
their impact on the cultivation of perennial crops. They are usually based on analysis of 
climate data, change trends and climate scenarios. 

Mathematical modeling of the cultivation of perennial crops under conditions of global 
climate change in the Chui region can be a useful tool for predicting and optimizing 
agricultural processes. Climate change modeling allows us to predict the impact of changes 
in temperature, precipitation and other climatic parameters on the growth and development 
of perennial plantings. This allows agricultural enterprises and farmers to make rational 
decisions on the choice of plant varieties, the optimal time for sowing and harvesting, and 
planning the irrigation system. Mathematical modeling also allows us to assess changes in 
the productivity and sustainability of perennial plantings under the influence of global 
climate change. By changing the model parameters and conducting numerical experiments, 
it is possible to determine which plants will be more adapted to new climatic conditions, as 
well as which plants require additional measures to ensure high productivity. 

In addition, mathematical modeling can serve as a tool for studying the impact of 
various agricultural practices on the growth and development of perennial plantings under 
global climate change. For example, you can study how crop productivity will change 
under different irrigation systems, fertilizer use, and other factors. 

Thus, mathematical modeling of the cultivation of perennial crops under conditions of 
global climate change makes it possible to predict and optimize agricultural processes, as 
well as develop effective agrotechnical measures. This will help agriculture in the Chui 
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region adapt to new climatic conditions and ensure sustainable productivity of perennial 
plantings. 

Formula for mathematical modeling of growing perennial plantings under conditions of 
global climate change in the Chui region: 

Y(t) = Y₀ * (1 + r)ⁿ * (1 + α * ΔT) 

where: 
Y(t) - indicator of the suitability of cultivating perennial plantings in a year t; 
Y₀ - initial indicator of the suitability of cultivating perennial crops in the base climate; 
r - plant growth rate; 
n - the number of years that have passed since the start of the simulation; 
α - indicator of the influence of temperature changes on crop cultivation; 
ΔT - change in mean annual temperature in year t compared to the base climate. 
This formula assumes that the suitability of perennial crops will vary depending on the 

growth of the crop, the number of years that have passed since the start of the simulation, 
and changes in the average annual temperature in a given year. However, for full-fledged 
mathematical modeling, it is also necessary to take into account other factors that may 
affect the cultivation of perennial plantings, such as precipitation, humidity, soil type, etc. 

The formula describes the change in the suitability indicator for cultivating perennial 
crops in year t under global climate change. It takes into account the growth of plantations, 
the number of years of simulation, the indicator of the influence of temperature changes on 
the cultivation of plantations and the change in the average annual temperature in year t 
compared to the base climate. 

To use this model, you need to know the initial indicator of the suitability of cultivating 
perennial crops in the base climate (Y₀), the expected growth rate of the crops (r), the 
number of years of simulation (n), the indicator of the influence of temperature changes (α), 
and the change in the average annual temperature in year t (ΔT). Application of the formula 
allows us to assess changes in the suitability of cultivating perennial crops under conditions 
of global climate change and determine how temperature changes will affect the cultivation 
of crops. 

When using mathematical models, it is necessary to accurately determine the input data 
and parameters of the model in order to obtain the most reliable results. It is also important 
to continually update models and adjust analyzes to account for changes in climate and new 
data. This will make it possible to make informed decisions regarding the cultivation of 
perennial plantings in the context of global climate change in the Chui region. 

Economic-mathematical methods and modeling are tools that make it possible to 
improve the organization of the on-farm land management system, in particular to optimize 
the localization of berry growing areas and increase production efficiency. To establish the 
optimal localization of the territory of berry fields and increase the efficiency of production 
on the farm, economic and mathematical methods and modeling apparatus were used, 
which took into account the specifics of growing berry crops and combined them into a 
single calculation with other crops of the enterprise. The main goal of the modeling is to 
substantiate the optimal combination of the composition of perennial plantings, since 
rational selection of berry breeds contributes to the uniform use of raw materials, labor, 
energy and helps to increase production efficiency. The developed economic and 
mathematical model for optimizing the localization and arrangement of perennial plantings 
optimizes and calculates a set of interrelated, balanced indicators for production for a 
specific (final or peak) year of development of the project for localizing the territory of 
perennial plantings and its arrangement. 

The task of economic and mathematical modeling comes down to substantiating the 

optimal structure of the species composition of perennial plantings, which ensures the 
receipt of a guaranteed volume of environmentally friendly berry products, the relationship 
between resource needs and sources of covering these needs by year of the period under 
study. The formulation of a model for optimizing the localization and arrangement of 
perennial plantings comes down to determining a large number of relationships, as well as 
the development of basic technical and economic coefficients. The objective function 
depends linearly on the main variables of the model and determines the optimality criterion, 
which expresses the net income for the period of time under study. In the process of 
developing a model for optimizing the localization and arrangement of perennial plantings, 
the values of the following groups of variables were determined: planting areas of various 
breeds of berry trees, the need for organic fertilizers and biological products; supply and 
consumption of humus, excluding the use of organic fertilizers; capital investments for the 
localization of perennial plantings, current costs for arranging and maintaining berry fields. 
Quantitative relationships have been established between species of perennial plantings, 
resources and costs, which, ensuring the most environmentally-economical use of them, 
guarantee the receipt of the planned volume of environmentally friendly berry products at 
the planned financial and labor costs while maximizing the amount of net income. 

An economic and mathematical model for optimizing the localization and arrangement 
of perennial plantings should take into account various factors influencing the process of 
growing berry products. The main variables of the model are the planting areas of various 
types of berry gardens, the need for organic fertilizers and biological products, the supply 
and consumption of humus, capital investments in the localization and arrangement of 
plantings, and the current costs of maintaining berry fields. 

The goal of the model is to maximize net income over the time period under study. The 
objective function depends linearly on the main variables of the model and expresses the 
optimality criterion. To achieve this goal, it is necessary to determine the optimal structure 
of the species composition of plantings, taking into account the relationship between 
resource needs and sources of covering these needs by year of the period under study. 

In the process of developing the model, the values of variables were determined, such as 
planting areas of various breeds of berry gardens, the need for organic fertilizers and 
biological products, the supply and consumption of humus, capital investments in the 
localization and arrangement of plantings, and the current costs of maintaining berry fields. 
Quantitative relationships were also established between planting species, resources and 
costs, ensuring the most efficient use of resources and guaranteeing the production of the 
planned volume of environmentally friendly berry products at given financial and labor 
costs. 

Thus, the economic and mathematical model for optimizing the localization and 
arrangement of perennial plantings allows us to determine the optimal structure of the 
species composition of plantings, taking into account the relationship between resource 
needs and sources of covering these needs. The model makes it possible to achieve 
maximization of net income over the period of time under study at given costs, while 
ensuring the production of environmentally friendly berry products [9]. 

The economic-mathematical model for optimizing the localization and arrangement of 
perennial plantings really makes it possible to determine the optimal structure of the species 
composition of plantings, taking into account the resource needs and sources of their 
coverage. 

The model allows you to maximize net income, taking into account given costs, and at 
the same time guarantees the production of environmentally friendly berry products. The 
economic-mathematical model for optimizing the localization and arrangement of perennial 
plantings is indeed a powerful tool for determining the optimal structure of the species 
composition of plantings, taking into account resource needs and sources of their coverage. 
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region adapt to new climatic conditions and ensure sustainable productivity of perennial 
plantings. 

Formula for mathematical modeling of growing perennial plantings under conditions of 
global climate change in the Chui region: 

Y(t) = Y₀ * (1 + r)ⁿ * (1 + α * ΔT) 
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The goal of the model is to maximize net income over the time period under study. The 
objective function depends linearly on the main variables of the model and expresses the 
optimality criterion. To achieve this goal, it is necessary to determine the optimal structure 
of the species composition of plantings, taking into account the relationship between 
resource needs and sources of covering these needs by year of the period under study. 

In the process of developing the model, the values of variables were determined, such as 
planting areas of various breeds of berry gardens, the need for organic fertilizers and 
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localization and arrangement of plantings, and the current costs of maintaining berry fields. 
Quantitative relationships were also established between planting species, resources and 
costs, ensuring the most efficient use of resources and guaranteeing the production of the 
planned volume of environmentally friendly berry products at given financial and labor 
costs. 

Thus, the economic and mathematical model for optimizing the localization and 
arrangement of perennial plantings allows us to determine the optimal structure of the 
species composition of plantings, taking into account the relationship between resource 
needs and sources of covering these needs. The model makes it possible to achieve 
maximization of net income over the period of time under study at given costs, while 
ensuring the production of environmentally friendly berry products [9]. 

The economic-mathematical model for optimizing the localization and arrangement of 
perennial plantings really makes it possible to determine the optimal structure of the species 
composition of plantings, taking into account the resource needs and sources of their 
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The model allows you to maximize net income, taking into account given costs, and at 
the same time guarantees the production of environmentally friendly berry products. The 
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plantings is indeed a powerful tool for determining the optimal structure of the species 
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When creating such a model, we take into account various factors such as climatic 
conditions, soil characteristics, availability of water resources and requirements for the 
production of environmentally friendly products. 

We also take into account given costs to ensure that net income is maximized over the 
time period studied (Fig. 1). 

The economic and mathematical model for optimizing the localization and arrangement 
of perennial plantings reflects the main factors and conditions that influence the choice of 
species composition of perennial berry plantings [9]. 

These include: 
✓ balance of areas by type of perennial plantings; 
✓ balance in area of localization of perennial plantings;   
✓ balance on the use of labor resources, capital investments;  
✓ balances for the use of organic fertilizers and biological products;  
✓ balance to maintain a deficit-free balance of humus in the soil;  
✓ conditions for guaranteed production of environmentally friendly products by breed; 
✓ conditions for the production and processing of berries. 
 

 

 

 

 

 

 
 
 
 
 
 

 

 

 

 

 

Fig. 1. Data to record the specified groups of restrictions. 

The development of a model for optimizing the localization and arrangement of 
perennial plantings with a block arrangement of information contains the following 
components (Table 1). 

The system of variables in the model for optimizing the localization and arrangement of 
perennial plantings includes: 

x1 – area of localization and arrangement of perennial plantings (berry gardens); 
x2 – berry crop area;;  
x3 – road area; 
x4 – area of protective forest belts; 

Total area of perennial plantings 

need for labor and financial resources 

volume of guaranteed production of products by 
species of perennial plantings 

humus content in soil 

the structure of the breed and varietal 
composition of berry fields on farms 
recommended by research institutes for the 
conditions of the Chui region. 

To record the 

specified groups of 

restrictions, the 

following data was 

used 

x5 – additionally equipped area; 
x6 – the volume of capital investments in the localization and arrangement of the 

territory of perennial plantings; 
x7 – the volume of capital investments in the localization and arrangement of the 

territory of perennial plantings; 
x8 – labor costs for arrangement and care of perennial plantings; 
x9 – volumes of organic fertilizers and biological products; 
x10 – humus content in the soil; 
x11 – volume of production of environmentally friendly berry products; 
x12 – volume of sales of fresh berries; 
x13 – cost of commodity products. 
The economic model helps analyze and optimize the economic indicators associated 

with the cultivation of perennial plantings, including the costs of arranging and maintaining 
plantings, income from the sale of products, and the cost of reducing risks associated with 
climate change. The model can evaluate different scenarios and take into account climate 
change and its impact on various aspects of production. 

Mathematical modeling allows us to determine optimal strategies for placement and 
management of perennial plantings under climate change conditions. This may include 
determining the optimal structure of the species composition of plantings, optimal timing 
and methods of planting, care and harvest, as well as optimizing the application of 
resources and predicting production results. 

Statistical modeling helps analyze and predict the impact of climate change on various 
aspects of perennial crop production. This may include the analysis of statistical data on 
climatic conditions, their impact on plant growth and development, as well as forecasting 
yields and product quality. Statistical models can also be used to assess the effectiveness of 
climate change adaptation measures. 

Table. 1. Model for optimizing the localization and arrangement of perennial plantings. 

 

Larger groups of model constraints 

I According to the balance of the localization area of perennial plantings 

II By area of berry gardens 

III On the formation of the ratio of breeds of berry crops when developing the territory 

IV According to the distribution of area for infrastructure facilities 
V By volume of capital investments in the localization and development of the territory of perennial 

plantings and its infrastructure 
VI By volume of capital investments in the production of perennial plantings 

VII By volume of current costs for the production of perennial plantings 

VIII On the balance of labor resources during the localization and arrangement of perennial plantings 

IX On labor costs for the production of perennial plantings 

X By volume of organic fertilizers and biological products used 

XI According to the humus content in the soil 

XII According to the planned production volume of environmentally friendly berry products 

XIII On the distribution of volumes of berry products for fresh sales and processing 

Model optimality criteria 

Maximum net income from the sale of environmentally friendly berry products: 
max      z = ∑ 𝑥𝑥𝑖𝑖 − 𝑖𝑖∈𝐼𝐼13 ∑ 𝑥𝑥𝑖𝑖 𝑖𝑖∈𝐼𝐼7  
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When creating such a model, we take into account various factors such as climatic 
conditions, soil characteristics, availability of water resources and requirements for the 
production of environmentally friendly products. 

We also take into account given costs to ensure that net income is maximized over the 
time period studied (Fig. 1). 

The economic and mathematical model for optimizing the localization and arrangement 
of perennial plantings reflects the main factors and conditions that influence the choice of 
species composition of perennial berry plantings [9]. 

These include: 
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✓ balance on the use of labor resources, capital investments;  
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climatic conditions, their impact on plant growth and development, as well as forecasting 
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When forming and calculating a model for optimizing the localization and arrangement 
of perennial plantings, much attention was paid to the preparation of initial information and 
the matrix of the economic-mathematical problem. Given global climate change, farming 
practices must adapt to ensure sustainable agricultural development and conservation of the 
environment. The Chui region, like many other regions, faces the impacts of climate 
change, such as rising temperatures, changes in precipitation and an increase in extreme 
weather events. The cultivation of perennial crops in the Chui region can play an important 
role in adapting agriculture to global climate change. In this regard, it is necessary to 
conduct further research and develop appropriate strategies and practices that would 
promote sustainable and economically viable cultivation of perennial crops. One of the 
materials that can be used in analyzing the economic feasibility is data on the current 
structure of land use and crops grown in the Chui region. Studying this information will 
allow us to assess the current situation and determine the potential for the integration of 
perennial plantings. It is also necessary to analyze the availability and use of technologies 
and resources, such as fertilizers, irrigation systems and mechanization, that can be 
introduced into the process of cultivating perennial crops. 

4 Discussion 
Our discussion results show that there are prospects for sustainable cultivation of perennial 
plantings in the Chui region. Cultivation of perennial plantings can help maintain soil 
fertility and reduce the negative impact on the environment in the face of climate change. 
However, risk factors and potential instability in yield must be considered. Constructive 
dialogue between agricultural producers and scientists in this field is a key component of 
successful adaptation of the agricultural sector to climate change. In the context of a 
changing climate, special attention should be paid to studying the costs and benefits of 
introducing perennial crops into agriculture in the Chui region. This study offers a 
comparative analysis of the cost-effectiveness of different strategies for using perennial 
plantings in adapting to climate change. The discussion of the results demonstrates that the 
intensity of use of perennial crops in agriculture can have a significant impact on gross 
value added and overall production stability under climate change conditions. It is 
important to include in the discussion aspects of the cost of introducing adaptive 
technologies for perennial fruit plantations and their impact on the economic sustainability 
of the agro-industrial complex in the region. This will allow us to identify the best 
investment strategies for the development of the agricultural sector in a changing climate 
[10-12]. 

The economic efficiency of introducing perennial plantings can also be prudently 
assessed taking into account the reduction in costs of soil cultivation, reduction in the cost 
of applying mineral fertilizers and herbicides, which leads to improved financial 
performance of the agricultural enterprise. In addition, the cost of operating and caring for 
perennial crops can be adapted to specific climatic conditions, which affects the overall 
economic efficiency of using this adaptive strategy in agriculture in the Chui region. 
Increasing the lifespan of plantings leads to a reduction in the cost of planting new crops, an 
increase in yield over time and the creation of conditions for long-term and stable income. 
It is also wise to consider economies of scale when establishing perennial plantings, as 
large growing areas can lead to additional economic benefits by optimizing harvesting, 
transport and storage processes. The economic justification for the development of 
perennial plantings is also associated with the possibility of creating additional jobs and 
increasing added value through the emergence of new agricultural products, which 
contributes to the diversification of economic activities in the region. By paying attention to 
global market trends and the growing demand for environmentally friendly products, the 

development of perennial plantings can also be economically justified through expanding 
export opportunities and creating sustainable supplies to international markets. 

5 Conclusions 
Economic, mathematical and statistical modeling of the possibilities of cultivating perennial 
crops under conditions of global climate change in the Chui region is an important 
interdisciplinary approach that can help predict changes in plant populations and make 
appropriate decisions for the sustainable use of natural resources. 

Economic modeling is used to analyze the cost and profitability of different types of 
perennial plantings under different climate conditions. This includes estimating the costs of 
planting and caring for seedlings, forecasting profits from crop sales, and analyzing 
different market pricing scenarios. 

Mathematical modeling can be used to predict the growth and development of perennial 
plants based on various factors such as climate change, soil type, light levels and water 
availability. Computer models can provide information about how growth parameters 
change and whether maximum yield can be achieved under planting conditions. 

Cultivation of perennial plantings such as garden plants, forest plantations or grapevines 
can be an effective solution for agriculture and other stakeholders in response to global 
climate change. These seedlings can be resilient in nature, able to withstand changes in 
temperature, rainfall and other aspects of climate. They can also provide additional benefits 
such as soil improvement, erosion control and biodiversity conservation. However, to make 
informed decisions, a holistic approach must be taken and multiple factors must be taken 
into account, including climate data analysis, risk and opportunity assessments, and 
collaboration among various stakeholders such as farmers, research institutes, authorities 
and civil society organizations. Taken together, these approaches can help agriculture and 
other stakeholders make informed decisions regarding the cultivation of perennial crops 
under global climate change in the Chui region. 

References 
1. C. Rosenzweig, M. L. Parry, Nature 367(6459), 133-138 (1994) 

2. N. E. Korres, S. A. Nasti, B. Manos, Sustainability 7(8), 10832-10846 (2015) 

3. A. Farrow, M. Ruhm, European Journal of Operational Research 233(2), 374-383 
(2014) 

4. R. S. Pindyck, Journal of Economic Literature 51(3), 860-872 (2013) 

5. T. Vossen, T. Berger, Environment and Development Economics 20(5), 622-646 
(2015) 

6. A. L. Heaney, S. Malaya, Journal of Agricultural and Resource Economics 43(2), 207-
225 (2018) 

7. I. S. Lyashenko, Modeling the effectiveness of using competitive advantage in the 
behavior of firms under risk conditions: dissertation for the degree of Candidate of 
Economic Sciences: 08.00.01,  Lyashenko Igor Sergeevich (Moscow, 2001) 

8. U. E. Belek, U. T. Chortobayev, K. T. Turgunbayev, T. Zh. Zhumaliev, KN.I. Bulletin 
of the Kyrgyz National Agrarian University named after Scriabin 2(65), 248-257 
(2023) 

9. E. Belek uulu, A. K. Shaiyldaeva, U. T.Chortombaev, et al., BIO Web of Conferences 
83, 07001 (2024) DOI: 10.1051/bioconf/20248307001 

10

BIO Web of Conferences 116, 07038 (2024)	 https://doi.org/10.1051/bioconf/202411607038
EBWFF 2024

RETRACTED



When forming and calculating a model for optimizing the localization and arrangement 
of perennial plantings, much attention was paid to the preparation of initial information and 
the matrix of the economic-mathematical problem. Given global climate change, farming 
practices must adapt to ensure sustainable agricultural development and conservation of the 
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structure of land use and crops grown in the Chui region. Studying this information will 
allow us to assess the current situation and determine the potential for the integration of 
perennial plantings. It is also necessary to analyze the availability and use of technologies 
and resources, such as fertilizers, irrigation systems and mechanization, that can be 
introduced into the process of cultivating perennial crops. 

4 Discussion 
Our discussion results show that there are prospects for sustainable cultivation of perennial 
plantings in the Chui region. Cultivation of perennial plantings can help maintain soil 
fertility and reduce the negative impact on the environment in the face of climate change. 
However, risk factors and potential instability in yield must be considered. Constructive 
dialogue between agricultural producers and scientists in this field is a key component of 
successful adaptation of the agricultural sector to climate change. In the context of a 
changing climate, special attention should be paid to studying the costs and benefits of 
introducing perennial crops into agriculture in the Chui region. This study offers a 
comparative analysis of the cost-effectiveness of different strategies for using perennial 
plantings in adapting to climate change. The discussion of the results demonstrates that the 
intensity of use of perennial crops in agriculture can have a significant impact on gross 
value added and overall production stability under climate change conditions. It is 
important to include in the discussion aspects of the cost of introducing adaptive 
technologies for perennial fruit plantations and their impact on the economic sustainability 
of the agro-industrial complex in the region. This will allow us to identify the best 
investment strategies for the development of the agricultural sector in a changing climate 
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The economic efficiency of introducing perennial plantings can also be prudently 
assessed taking into account the reduction in costs of soil cultivation, reduction in the cost 
of applying mineral fertilizers and herbicides, which leads to improved financial 
performance of the agricultural enterprise. In addition, the cost of operating and caring for 
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perennial plantings under different climate conditions. This includes estimating the costs of 
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different market pricing scenarios. 

Mathematical modeling can be used to predict the growth and development of perennial 
plants based on various factors such as climate change, soil type, light levels and water 
availability. Computer models can provide information about how growth parameters 
change and whether maximum yield can be achieved under planting conditions. 

Cultivation of perennial plantings such as garden plants, forest plantations or grapevines 
can be an effective solution for agriculture and other stakeholders in response to global 
climate change. These seedlings can be resilient in nature, able to withstand changes in 
temperature, rainfall and other aspects of climate. They can also provide additional benefits 
such as soil improvement, erosion control and biodiversity conservation. However, to make 
informed decisions, a holistic approach must be taken and multiple factors must be taken 
into account, including climate data analysis, risk and opportunity assessments, and 
collaboration among various stakeholders such as farmers, research institutes, authorities 
and civil society organizations. Taken together, these approaches can help agriculture and 
other stakeholders make informed decisions regarding the cultivation of perennial crops 
under global climate change in the Chui region. 
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